Abstract. The purpose of this study was to investigate the formulation variables influencing the drug release from the layered tablets containing chitosan and xanthan gum as matrix component. Increasing the amount of lactose could diminish pH sensitive release behavior of these matrix tablets. Effect of formulation variables on drug release from the prepared three-layered matrix tablets was investigated. The amount of drug loading did not affect the drug release which was influenced by the hydrodynamic force and the matrix composition. An increase in stirring rate correspondingly increased the release rate. Moreover, incorporation of soluble diluents in core or barrier could enhance the drug release. Least square fitting the experimental dissolution data to the mathematical expressions (power law, first order, Higuchi's and zero order) was carried out to study the drug release mechanism. Most dissolution profiles of the prepared three-layered tablets provided a better fit to zero order kinetic than to first order kinetic and Higuchi's equation.
INTRODUCTION
Chitosan-xanthan gum as matrix materials in threelayered tablet was claimed to sustain the release of water soluble drug such as propranolol HCl and shift the release pattern approach to zero order (1) . Chlorpheniramine maleate sustained release tablet prepared by hot-melt extrusion containing these two matrix materials was also reported (2) . The drug release exhibited pH and buffer species independent attributable to slow media uptake into tablet that resulted from the molten state of preparation process and the inter-and intra-molecular hydrogelation of the matrix materials.
Different core or barrier composition of three-layered matrix tablets has been investigated. Linear release profiles could be obtained by applying hydrophilic barrier layers on both faces of a hydrophobic matrix tablet, or by applying a hydrophilic barrier layer on one face and a hydrophobic barrier layer on the other face of a matrix tablet (3) . Hydroxypropyl methylcellulose (HPMC) as barrier was more efficient in reducing drug delivery than poly(ethylene oxide) (PEO) due to the viscosity generated from polymer (4) . Swellable barrier exhibited stronger release modulation efficiency and was more suitable to modify the release of highly water soluble drugs, whilst erodible barrier exhibited a time-dependent coating effect that provided better control release of sparingly soluble drugs (5) .
Several formulation and processing variables, such as the presence of diluents and compression force, could modify the drug release from the matrices (6,7) whereas loading dose of diltiazem HCl in three-layered tablets prepared using PEO and HPMC could not (8) . For environmental variables, an increase in stirring rate during dissolution study enhanced the drug release, but the linearity of release profiles remained unaltered (8) . Moreover, agitation intensity, hydrodynamic force and hydrodynamic condition were reported to influence the drug dissolution rate (9) .
Although considerable research has been done on aforementioned manner, the effect of formulation variables on the drug release from layered matrix as controlled release device containing two polymers which could form polyelectrolyte complex, especially chitosan and xanthan gum, has not yet been addressed. The study of formulation variables influencing drug release from this controlled release device has been an important aspect in the development stage. Therefore, the effects of compression force, hydrodynamic force, drug loading and type and amount of diluents on physical properties and release of propranolol HCl from three-layered tablet comprising chitosan and xanthan gum were investigated in this study. 
Preparation of Matrix Tablets
The 400-mg tablets containing propranolol HCl were prepared by direct compression method. The single layered tablets containing 1:1 chitosan and xanthan gum with various amount of lactose were prepared according to the composition in Table I . The amount of lactose was varied from 25% to 100% of the matrix component excluding the amount of drug and magnesium stearate. The concentration of drug was kept constant at 20% by weight (80-mg/tablet). All ingredients were mixed for 5 min using mortar and pestle. Then the drug blended powder was compressed into a tablet at a compression force of two tons using 13 mm round, flat and plain punches on a hydraulic press (Carver Press, WI).
The layered matrix tablets were prepared by adding 100-mg of the powder mixture without drug in the die cavity and slightly compressed for uniform spreading. The 200-mg of the powder mixture with drug was placed over the first layer and again slightly compressed for uniform spreading. Another 100-mg of the powder mixture without drug was subsequently placed and compressed with compressional force using a hydraulic press to obtain the three-layered tablet. The dwell time after achieving target pressure achieved was 10 s. The compression force was also varied as 1, 2, 3 and 4 tons. To study the effect of formulation variables, different amount and type of diluents were investigated. This included the tablets containing the middle layer of 200-mg of 1:1 chitosan and xanthan gum and 75% various diluents (as shown in Table II ) with the 100-mg upper and 100-mg lower barriers of the same formula of core without drug. Additionally, the tablets were also studied that contained the middle layer of 200-mg of 1:1 chitosan:xanthan gum and 55% lactose and 20% other substances (Table III) with the 100-mg upper and 100-mg lower barriers containing 1:1 chitosan:xanthan gum and 75% lactose. Moreover, the effect of drug loading dose (40, 80, 100 and 120 mg) was also investigated.
The Evaluation of Matrix Tablets
The hardness of tablets was determined using a hardness tester (Pharmatest, USA). The % friability was determined as the percent weight loss of 20 tablets after rotating for 100 revolutions in 4 min in a friabilitor (Yieheng Engineering, Bangkok, Thailand). Drug release was undertaken using a dissolution apparatus (Prolabo, France) with the basket method at 100 rpm and 900-ml HCl buffer pH 1.2 equilibrated at 37°C as dissolution fluid. Samples were collected at specific time intervals and assayed by a UV-Vis spectrophotometer (Perkin-Elmer, Germany) at a wavelength of 320 nm. To study the effect of the dissolution medium, drug release in pH change was also undertaken. The drug release in HCl buffer pH 1.2 was conducted for one and a half hour. Then the pH of medium was raised to 6.8 by adding 4.6 g sodium hydroxide, 3.06 g monobasic potassium phosphate and 4.005 g dibasic sodium phosphate until completing the operation at 12 h. During the drug release studies, the tablets were observed for physical integrity. To study the effect of hydrodynamic force on drug release, basket rotational speed of 25, 50, 100 and 150 rpm were operated.
Dissolution Profile Fitting
Least square fitting the experimental dissolution data (cumulative drug release >10% and up to 80%) to the mathematical equations (power law, first order, Higuchi's and zero order) was carried out using a nonlinear computer programme, Scientist for Windows, version 2.1 (MicroMath Scientific Software, Salt Lake City, UT, USA). The coefficient of determination (r 2 ) was used to indicate the degree of curve With the 100-mg upper and 100-mg lower barriers of the same formula without drug fitting. Goodness-of-fit was also evaluated using the Model Selection Criterion (MSC) (10), given below.
Where Y obsi and Y cali are observed and calculated values of the i-th point, respectively, and w i is the weight that applies to the i-th point, n is number of points and p is number of parameters.
RESULTS AND DISCUSSION

The Physical Properties of Matrix Tablets
The data on hardness and friability of the single-and the three-layered tablets are presented in Table IV . The hardness of tablet decreased as the amount of lactose was increased. The hardness of three-layered tablets tended to increase and the friability tended to diminish as the compression force was increased. Friability values of all formulations were less than 1%, except the formulation without chitosan and xanthan gum (A100), due to the low compressibility of lactose. Among three-layered tablets containing single diluent and those containing lactose with other diluent, ethyl cellulose (3L E75) and PEG 4000 (3L A55C20) provided the highest hardness, respectively. The latter might be due to binding property of PEG 4000 which could partially melt during compression. PEG 4000 as melting binder in carbamazepine fast-release tablets has been reported (11, 12) . With the 100-mg upper and 100-mg lower barriers containing 1:1 chitosan and xanthan gum, and 75% lactose In Vitro Drug Release Studies
Drug Release from Single Layer Tablet
Increasing the amount of lactose in single layer tablet containing 1:1 chitosan:xanthan gum led to faster drug release as presented in Fig. 1 . The effect of diluent on drug release from matrix devices was claimed to be mainly due to a change in hydrophilic gel expansion (13) . This finding was in good agreement with the result of diphenhydramine HCl released from polyvinylacetate/polyvinylpyrrolidone matrix containing lactose or maize starch (14) . Lactose, by its water soluble and hydrophilic nature, facilitated gel formation and the time taken for the dissolution medium to permeate to the core was shorter as the amount of this soluble substance was increased. Moreover, soluble substance acted as a channeling agent, by rapidly dissolving and easily diffusing outward, therefore allowing a decrease in tortuosity and/or an increase in the matrix porosity (15) (16) (17) . These prepared tablets apparently released the drug slower than the tablet without chitosan and xanthan gum (A100). Ionic interaction between these two polymers as described by Dumitriu et al. (18, 19) resulted in a decrease in the rate of polymer dissolution and the rate of solvent penetration. Therefore the drug diffusion into dissolution medium was diminished.
Curve upward of dissolution profile was observed during pH change as shown in Fig. 2 . The pH dependence of drug release was decreased when the dissolution profile in acidic medium was closer to that in pH change media with the increased amount of lactose, especially, the tablet containing 75% lactose (A75). Therefore, lactose could adjust a pH sensitive property of polymeric matrix containing chitosan and xanthan gum due to the reduced amount of these polymers which played an important role in liquid uptake, erosion and swelling of the compact matrix. A common method to obtain the pH independent drug release is to adjust the environmental pH in dosage forms. Dissolution profile of drug from alginate matrices was different upon increasing the pH of the medium. In order to obtain pH- independent drug release, organic acid as pH-modifying agent was used to lower the pH in the intestine and thus resulted in high solubility of weakly basic drugs (14, 18) .
Drug Release from Multiple Layers Tablet
Compression force had no effect on the drug release from three-layered tablets as shown in Fig. 3 since the polymeric matrix could hydrate and form gel rapidly. Porosity of the hydrated matrix was independent of the initial porosity, thus the compression force posed to have little influence on drug release (20, 21) . Release of acetaminophen from HPMC/ HPC matrix (22) and substituted amylose matrix (23) was not considerably influenced by changes in compression force. Conte et al. (24) also previously mentioned that compression force did not influence the system release performances even at very low force levels.
Varying the loading dose from 40 to 120-mg did not significantly change the drug release (Fig. 4) , indicating that the penetration of medium into the matrix was not greatly altered. Moreover, the uptake of medium was dependent on the capacity of polymer to hydrate and the unique characteristic of system design rather than the incorporated drug. Similar result was also reported for the release of diltiazem HCl from three-layered tablet (8) . Free water played an important role in the drug dissolution and mass transfer with the gel microstructure. As the drug loading was well above the drug solubility within the swollen/gelled matrix, variation in drug loading was not likely to produce the significant alteration of drug release rate (8) .
Increasing the basket rotational speed increased the drug dissolution from single and three-layered tablets as presented in Fig. 5a and b, respectively. This study demonstrated that hydrodynamic stress had an effect on dissolution rate, mass transfer rate, and film thickness underlying the dissolution process. As the stirring speed was excessive, the stagnant boundary layer effect was no longer the rate-limiting step in drug transport (8, 25) . In addition, an increase of mass transfer rate and a decrease of film thickness as the increment of basket rotation speed have been reported (9, 26, 27) . Hydrodynamic stress and intensity caused greater attrition at the swollen periphery and was responsible for the increase in drug release rate.
The drug dissolution profiles of three-layered tablets containing 1:1 chitosan:xanthan gum and 75% single additive are shown in Fig. 6a . The barrier layer contained the same formula as the core but without drug. Incorporation of PEG 4000 (3L C75) apparently showed the highest drug release owing to its high aqueous solubility. This was followed by the incorporation of lactose, Avicel, ethylcellulose and phytowax, respectively. Similar result of PEG was reported on theophylline tablet (28) . It was evident from visual observation that Avicel formed a non-disintegrating matrix. Since the swelling of Avicel particles was limited to the amorphous domains and remained within the hydration matrix, the decrease of water sorption and erosion of this matrix was reported (29) . Replacement of lactose by phytowax or ethyl cellulose could prolong the drug release. Owing to their insolubility, these diluents more obviously retarded the drug release than did lactose and microcrystalline cellulose. Similar result had been shown on the release of captopril from the ethylcellulose matrix tablets (30) . The swellable barriers could form gels slowly and provide a strong protective effect for controlling the hydration process of the inner component of tablets. Thus, the drug released from middle layer could be modulated by the delayed diffusion from the two lateral layers as a result of polymer hydration and erosion. Generated gel barrier also effectively retarded the drug diffusion, therefore, this type of barrier was suitable to prolong the release of hydrophilic soluble drug. However, the barrier could be eroded in a well-defined period of dissolution time and its retardation efficiency was finished, whilst the swellable barrier could hydrate and gradually transform into gel that could still effectively control the drug release from the developed matrices as desired period of time. Figure 6b exhibits the drug release profiles of threelayered tablets with 1:1 chitosan:xanthan gum and addition of 20% different additives with 55% lactose in the core component and 1:1 chitosan:xanthan gum and 75% lactose as barrier. It was found that the substitution of sodium bicarbonate (3L A55H20), malic acid (3L A55F20) and PEG 400 (3L A55C20) to lactose increased the drug release. Some electrolytes, fatty acids and bile salts could change the gel strength and interact with drug molecules; therefore the drug release could be modulated (31, 32) . The drug release from tablet containing Avicel PH101 (3L A55B20) and sodium chloride (3L A55G20) was similar to that from tablet containing only lactose (3L A75), but the latter showed greater drug release at the final stage. Highly hydrophilic compounds and ionized water soluble materials have been reported to interact with polymer by causing a partial dehydration of the polymeric molecules and thus the initial rapid diffusion of drug was limited (29, 33) . Although incorporation of sodium chloride could lower the gel point, increase the gel strength and decrease the hydration of polymer (34, 35) , these could be compensated and increase the drug release by its high solubility in aqueous system. Therefore, the hydrophilic characteristic of barrier layer played as important role in controlling the drug release from three-layered tablet which could be modulated by changing the composition of the barrier or the core layer. Excipients could have a dramatic effect on in vitro drug release when the systems were formulated with swellable polymers (36) .
Dissolution Profile Fitting
The coefficient of determination (r 2 ) and model selection criteria (MSC) from curve fitting to power law, first order, Higuchi's and zero order equations are shown in Table V 50 rpm) to first order kinetic were obviously higher (r 2 = 0.9785-0.9990 and MSC=3.57-6.62) than those of zero order and Higuchi's kinetics. The n values from fitting to power law equation were in the range of 0.5658 to 0.6966. This indicated that the drug release from these tablets was by anomalous (non-Fickian) mechanisms (37, 38) with an initially high release rate followed by a rapidly declining rate. Theophylline was reported to be released from matrix comprising wax combined with methylcellulose by diffusion mechanism of first order kinetic (39) . A shift of drug release both in acidic medium and pH change to zero order kinetic occurred as the amount of lactose was increased.
By comparison, dissolution profiles of three-layered tablets mostly provided better fit to zero order kinetic than first order and Higuchi's equation due to higher r 2 and MSC values, suggesting that the developed three-layered tablets showed zero-order or Case II release. The values of the kinetic constant (k) were in accordance with the values of n, the diffusional exponent; with k having lower values when the transport mechanism was Case II and higher values for formulations that released the drug by Fickian diffusion (38, 40) . However, the dissolution profiles of some threelayered tablets could be best fitted with first order equation, especially in case of 3L B75, 3LD75, 3L E75, 3L A55B20, 3L A55D20 and 3L A55H20. Gel forming and erosion alterations of lateral surface and two laminated surfaces of three-layered tablets due to the addition of excipient with different aqueous solubility could change the drug diffusion from these controlled release devices. These indicated that the release of propranolol HCl from these tablets was by anomalous (non-Fickian) mechanisms. Therefore, type of diluent could affect the drug release mechanism of these three-layered tablets. Although, some investigations reported that the different excipient types had no influence on the release mechanism of drug from simple matrix tablet (17, 41) , such result was different in the case of the obtained layered tablets.
CONCLUSIONS
Increasing the amount of lactose could diminish the pH sensitive release behavior of chitosan-xanthan gum single layer matrix tablets. The amount of drug loading did not affect the drug release from three-layered tablet comprising chitosan-xanthan gum. The drug release from three-layered tablet was influenced by hydrodynamic force and alteration the matrix composition. The release rate was increased in correspond to the increasing in stirring rate. An increase in stirring rate was a corresponding increasing in the release rate. Incorporation of soluble diluents in core or barrier could enhance the drug release. By comparison, most dissolution profiles of three-layered tablets could provide better fit to zero order kinetic than first order kinetic and Higuchi's equation.
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